DanEzE, E. R., F. B. J. BRasil: Polymelia and duplication of the descending colon in a Poodle dog -a case report. Vet. arhiv 88, 149-157, 2018. aBsTRaCT this study describes a six-month old female Poodle dog born with a third hind limb and duplication of the descending colon. the extra limb was projected dorsally toward the coccygeal vertebrae and was slightly displaced to the left of the median body axis next to the anus. Although the animal walked without difficulties, it showed signs of discomfort when defecating and sitting. a plain radiograph demonstrated that the extra limb articulated from the left ischium and a contrast radiograph showed that the descending colon was not only duplicated but it adjoined the segments in the rectum, ending with one anal opening. Surgery was performed to amputate the extra limb. the disarticulation of the extra limb from the left ischium was easy to perform and minimally invasive. Intestinal intervention was not performed since it was determined that the animal could live a healthy life with the duplicated colon. Fifteen days after surgery the animal showed no signs of discomfort and was able to sit and defecate normally.
In humans, polymelia (the presence of extra limbs) is a rare condition and information on its occurrence is scarce. There is no classification or data regarding its frequency of occurrence, the location of the extra limbs or its association with other congenital abnormalities (VerMa et al., 2013; MONtaLVO et al., 2014) . In animals, there are reports of polymelia in calves (BehreNS et al., 1993; CeBrIÁN et al., 2006; MONteS et al., 2012 ), sheep (ahMaDY and LISeY, 2009 ), amphibians (MahaPatra et al., 2001 , reptiles (CUPUL-MaGaÑa et al., 2014) , poultry (hIrSChBerG et al., 2012) , wild birds (rOGerS et al., 2016) , and one case report in dogs (ZUCker et al., 1993) .
Intestinal duplication is rare in humans and animals, and is often associated with other major abnormalities of the spine, bladder and genitalia (LONGhOFer et al., 1991; arthUr et al., 2003; kUMe et al., 2007; LIaQat et al., 2014; hU et al., 2016) . In animals, there have been three case reports in dogs (JOhNStON et al., 1989; LONGhOFer et al., 1991; arthUr et al., 2003) and one in cats (kraMer et al., 2007) .
thus, the objective of this report is to describe a case of polymelia associated with the duplication of the descending colon in a Poodle dog.
Case history a six-month old female Poodle dog, weighing 4.8 kg, was admitted to the veterinary hospital with a congenital third hind limb which was slightly displaced to the left and above the coccygeal vertebrae (Fig. 1) . according to the owner, the pup was able to walk normally, however it showed signs of distress and discomfort when sitting and defecating. the pup's littermates showed no signs of anatomical abnormalities. Its parents were not relatives and the mother had no accidents during gestation nor did she take any medications. the owner maintained contact with the owners of the parents of the pup to verify that all information regarding the gestation and birth were accurate.
During the clinical exam it was observed that the extra limb was static and smaller than the others. the animal had afferent and efferent sensitivities and was responsive to stimuli. there were no neurological alterations in the other limbs. the anal opening, contralateral to the extra limb, was sensitive and responded to touch stimuli. During the abdominal palpitation, there were no signs of distention or pain. a plain radiography showed that the extra limb articulated from the left ischium bone, next to the ischial tuberosity. Only the femur bone was visible in the radiographic photos (Fig. 2) . through palpation, it was possible to see that the extra limb was whole and complete, consisting of the femur bone, tibia and fibula, metatarsals and phalanges. All the bones in the extra limb were small when compared to the bones of the pelvic limbs. With the animal presenting signs of discomfort when defecating, a contrast radiography was performed using oral and anal sulfate barium solution as the contrast (8 mL/kg). this exam showed that the descending colon was duplicated, adjoining the segments in the rectum, and with one anal orifice (Fig. 3) . After the pre-anesthetic tests (CBC, renal and hepatic profiles) which yielded results within the normal range for dogs, the animal underwent surgery to remove the extra limb. Surgery was not performed on the descending colon as it was deemed unnecessary at that time.
Pre-anesthetic medication was administered with acepromazine (0.08 mg/kg IV) and tramadol (3 mg/kg IV), propofol was used for the induction (5 mg/kg IV) and anesthesia was maintained using isofluorane at 100% vaporized oxygen in a universal vaporizer. The pelvic area was prepared for aseptic surgery and supportive fluid therapy was maintained throughout the procedure.
First, an elliptical incision was made 3.0 cm from the insertion of the extra limb. the fascia was then cut carefully in order to avoid cutting any large blood vessels. the larger blood vessels, namely the femoral, medial circumflex femoral and lateral circumflex femoral arteries, and the veins that supplied the accessory limbs, were double ligated (number 0/4 catgut) and severed, and the small bleeders were controlled using electric cautery. No nerve branches were observed.
The gluteus superficialis, biceps femoris and internal obturator muscles were incised carefully to reach up the body to the ischium. the joint of the extra limb was located near the ischial tuberosity. the extra limb had a structure resembling a femur head, with a e. r. Daneze and F. B. J. Brasil: Polymelia and duplication of the descending colon in a Poodle dog shallow articular surface in the ischium body and with a true joint at the attachment. the capsule of the joint was incised and the head of the femur was easily disarticulated from the left ischium, resulting in a minimally invasive procedure. afterwards, the musculature and subcutaneous tissues were approximated with an absorbable polyglycolic suture in a simple continuous standard. the skin was sutured with nylon in an interrupted horizontal mattress standard.
Upon examining the dissected amputated limb, it was evident that all bones were complete, but they were smaller in size compared to the bones of the pelvic limbs of the animal. Only the femur had bone consistency, the tibia and fibula, metatarsals and phalanges were complete and had cartilaginous consistency. No histological examination of the extra limb tissues was conducted.
the animal remained under observation until fully recovered from the anesthesia. During the post-operative period, the surgical wound was cleaned with a physiological solution and a topic instillation of ryphamphcyne (every 8 hours). apart from topical treatment, oral tramadol (3 mg/kg, every 8 hours, for 7 days), oral dipyrone (20 mg/kg, every 12 hours, for 7 days) and oral cephalexin (30 mg/kg, every 12 hours, for 15 days) were given.
The sutures were removed fifteen days after surgery. The owner said that the animal had no signs of pain, and seemed comfortable when sitting and defecating. there were no signs of edema or discoloration around the wound and it was healing well and normally.
regarding the duplicated descending colon, the owner was informed that after the amputation of the extra limb, the animal would adapt well to its morphological condition and live a healthy life. he was also advised not to allow his dog to reproduce and to contact the surgical team whenever necessary.
Discussion
Congenital malformations originate from disturbances in embryogenesis, the organogenesis being the most affected period. they may be related to the erratic spread of germ cells in the embryo, or to the abnormal duplication of those cells at the beginning of the embryo development (CeBrIÁN et al., 2006; ahMaDY and LISeY, 2009; McGeaDY et al., 2006) . extra limbs have no function (FeLIPe, 2003; hIrSChBerG et al., 2012) . However, walking difficulties can cause distress to the animal. In this case, the location of the insertion of the extra limb did not have an effect on the animal's walking, but the animal was uncomfortable when sitting or defecating, which caused a considerable amount of distress. thus, surgical excision of the extra limb was performed. this surgical intervention is recommended since additional limbs can interfere with the development e. r. Daneze and F. B. J. Brasil: Polymelia and duplication of the descending colon in a Poodle dog and conformation of adults (MONteS et al., 2012) and it also provides comfort to the animal.
after a thorough clinical evaluation, the animal was deemed eligible for the surgical procedure and the excision was performed. accessing and dislocating the limb was done with ease. In a case report by CeBrIÁN et al. (2006) , involving a similar procedure in the surgical excision of a thoracic extra limb in a calf, the authors stated that there were no difficulties during the procedure and that the postoperative recovery was satisfactory, similar to this report.
It is known that the normal embryonic development of a limb (bud limb or appendage) consists of an ectodermal sheath covered by mesenchymal cells, which also contain specific regions which shape the contour of the limbs along the anteroposterior, dorsal-ventral and proximal-distal axis. the polarizing activity zone organizes the anteroposterior axis and the apical ectodermal ridge promotes the development of the bud limb, keeping the subjacent mesenchymal cells in the progress zone in an undifferentiated stage (McGeaDY et al., 2006; BÉNaZet and ZeLLer, 2009 ). Studies on chicks, Drosophila sp. and Bufo melanostictus indicate that when a piece of tissue from the polarizing activity zone is inserted into an anterior zone of the bud limb, this graft induces the formation of a mirror limb. thus, the endogenously inserted tissue from the polarizing activity zone releases a morphogen (retinoic acid) that induces the apical ectodermal ridge expression of FGF4 (fibroblast growth factor 4). Both the retinoic acid and FGF4 activate the mesenchymal expression of the SONIC HEDGEHOG (SHH) gene, establishing a new polarizing activity zone that culminates in the development of extra limbs (eICheLe, 1989; rIDDLe et al., 1993; MahaPatra et al., 2001) .
the causes for the occurrence of these embryological disorders could be genetic, environmental (infectious agents, toxic plants, chemical substances, physical damage and nutritional deficiencies) or multifactorial (FELIPE, 2003; McGEADY et al., 2006; raDOStItS et al., 2007; hIrSChBerG et al., 2012) , varying according to the type of agent and gestational period, and may occur in any anatomical region (ahMaDY and LISEY, 2009 ). However, malformations can occur in a sporadic way with no specific cause (FeLIPe, 2003; McGeaDY et al., 2006; raDOStItS et al., 2007) which could be the case with the animal in this study, since there were no accidents reported with the progenitors and no medications were administered during gestation. It is important to note that the pup was the only one in its litter that was affected.
regarding the functional duplication of the descending colon in animals, only three cases have been reported in dogs (JOhNStON et al., 1989; LONGhOFer et al., 1991; arthUr et al., 2003) . In humans, intestinal duplications are very rare (kUMe et al, 2007; LIaQat et al., 2014; hU et al., 2016) ; even though it may occur from the oral cavity to the anus (heISS, 1996; LIaQat et al., 2014) , descending colon duplication is e. r. Daneze and F. B. J. Brasil: Polymelia and duplication of the descending colon in a Poodle dog extremely rare (SaLVaDOr et al., 1996) . the occurrence of enteric duplication varies greatly and is usually mistaken for other gastrointestinal tract pathologies. Sometimes its presentation is confusing because patients may present with palpable abdominal or inguinal pain and/or an abdominal mass (LIaQat et al., 2014) . Colon duplication may be discovered accidentally while performing a colostomy (LIaQat et al., 2014; hU et al., 2016) or contrast radiography (kUMe et al, 2007) .
the embryological explanation of the duplication of the colon is controversial and many theories have been proposed (SterN and WarNer, 2000; hU et al., 2016) . One of the most common and accepted is the incomplete separation of mono-ovular twins or conjoined twinning as a result of the misexpression of one or more of the distal hOX genes, potentially hOX10 and hOX11 (Shah and JOShI, 2006; hU et al., 2016) . In this case report, since the animal presented with a duplication of the descending colon and one anal orifice, it was presumed that the animal could adapt to its morphological condition and live a healthy life. the owner was told to contact the surgical team whenever necessary.
altogether, detecting and explaining the etiology of congenital malformations is still a challenge in veterinary practice, especially since the majority of those defects occur rarely and are observed in only a few cases (LeIPOLD et al., 1972) . Only in uncommon conditions, when a defect repeatedly occurs within the same herd or geographic area, does it become a target of investigation (LeIPOLD et al., 1983) .
regarding the duplicated descending colon, the owner was informed that after amputating the extra limb the animal could adapt to its morphological condition and lead a healthy life. Since the exact cause for this developmental anomaly is unclear it was recommended not to use the animal for breeding.
In this case, the operative removal of the extra limb was carried out successfully. the animal recovered well since the operation was performed under proper aseptic conditions and appropriate post operative care was given. Fifteen days after the operation, the animal was examined further and was found to be quite normal.
